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© Network for minimizing current imbalances in a faradaic battery. 

© A circuit for connecting a faradaic battery 
with circuit means for monitoring the condition 
of the battery includes a plurality of voltage 
divider networks VDt - VD n providing battery 
voltage monitoring node and includes compen- 
sating resistors CRi - CR^ connected with the 
networks to maintain uniform discharge cur- 
rents through the cells of the battery. The circuit 
also provides a reduced common mode voltage 
requirement for the monitoring circuit means by 
referencing the divider VD 1 - VD n networks to 
one-half battery voltage. 
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This invention relates generally to electric propul- 
sion vehicles that are powered by faradaic batteries 
and more particularly to a circuit for interfacing elec- 
tronic monitoring devices to a faradaic battery to de- 
termine the condition or state of health of the battery, 
the presence of weak or failed cells, while minimizing 
imbalances in the current drawn from the various 
cells of the battery. 

Electrically propelled vehicles use electric trac- 
tion motors operated from a battery system mounted 
in the vehicle. An accurate indication of the condition 
of the battery is desirable since the available charge 
is directly related to the range of the vehicle before a 
recharge of the battery is necessary. Accordingly, 
electrically propelled vehicles generally include vol- 
tage monitoring devices which are electrically con- 
nected with the battery system for detecting and in- 
dicating the state of health of the battery. 

When recharging the battery, it is desirable to 
equalize the charge in the individual cells of the bat- 
tery at a set voltage level. Non-faradaic batteries, 
such as those comprising a plurality of serially con- 
nected lead/acid cells, can be brought into balance by 
application of a low-rate equalization charge. This re- 
sults in all cells of the battery reaching a full 100% 
state-of-charge. However, faradaic battery systems, 
such as those comprising sodium/sulfur cells, cannot 
be brought into balance by this method, due to the in- 
ability of faradaic battery cells to bypass the equali- 
zation charge current once the cell reaches full 
charge. It is therefore important to maintain uniform 
discharge currents through the cells of a faradaic bat- 
tery. This need for discharge uniformity also applies 
to the small currents required by the voltage meas- 
uring networks used to monitor battery condition. 
Even small systematic imbalances in the cell currents 
will accumulate and result in significant loss of battery 
capacity over time. 

Conventional circuity for interfacing the battery 
with monitoring equipment is either complex or suf- 
fers from severe common mode voltage requirements 
leading to expensive monitoring equipment. 

In accordance with the present invention a plur- 
ality of voltage divider networks "n" are connected 
with a plurality of modules of a faradaic battery. Each 
module includes a plurality of cells. Each network 
provides a monitoring point for equipment intended to 
monitor the condition of the battery. One side of each 
of the networks is connected to a reference voltage 
point equal to one-half battery voltage. The monitor- 
ing equipment is then referenced to one-half battery 
voltage to reduce common mode voltage. The other 
side of each network is connected to respective ones 
of the modules of the battery and thus provides a 
means of measuring the voltage at each module to 
thereby obtain an indication of the condition of the 
battery cells in any one of the modules. A compensat- 
ing resistor is associated with "n-T of the voltage div- 



ider networks, and is sized to insure that the current 
drawn by the networks results in uniform discharge 
currents through the cells of the battery thus extend- 
ing battery life. 

5 The invention will now be described further , by 

way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 is a generalized block diagram showing 
the invention in the environment of an electric vehicle 

10 battery monitoring system. 

Figure 2 shows a voltage divider network con- 
nected with a battery and providing voltage monitor- 
ing signals useful for monitoring the condition of the 
battery. 

15 Figure 3 shows an embodiment of the circuit of 

the present invention including eight battery modules. 

Figure 4 is a circuit representation of the inven- 
tion generalized for "n" battery modules. 

Referring now to the drawings and initially to Fig- 

20 ure 1 , a traction battery for an electric vehicle is gen- 
erally designated 10 and is connected with traction 
motors generally designated 12 for providing drive 
current to the motors. The battery 10 is connected via 
a voltage divider network 14 to monitoring equipment 

25 generally designated 16 which monitors the state of 
health of the battery 10. 

Referring to Figure 2 the battery 10 is shown to 
comprise two banks of battery modules A and B. The 
bank A includes modules 18-24 and the bank B in- 

30 eludes modules 1 8'-24\ Each of the modules may in- 
clude 20 cells for a total of 160 cells. The number of 
modules shown is merely for the purpose of simplify- 
ing the description of the invention. Atypical battery 
for use in an electric vehicle may comprise 32 mod- 

35 ules of 5 cells each and provide a total voltage of, for 
example, 320 volts. 

The point intermediate the bank A and B is des- 
ignated REF and provides a reference voltage of 1/2 
total battery voltage or 1 60 volts. This point is used as 

40 a reference for the monitoring equipment in order to 
minimize the common mode voltage requirements of 
the equipment. In order to monitor the status of the 
cells in the module A, the monitoring equipment is 
connected with voltage divider networks 26-32 which 

45 provide monitoring nodes V1-V4, between resistors 
R1, RF1; R2, RF2; R3, RF3; and R4, RF4, respective- 
ly. Each of the networks 26-32 has one side connect- 
ed to REF while the other side is connected with pro- 
gressively higher voltage nodes in bank A designated 

so 34-40. Bank B is the mirror image of Bank A and the 
components and connections therein are indicated by 
prime number. 

While the circuit configuration of Figure 2 pro- 
vides the benefits of reduced common mode voltage 

55 for the electronic instrumentation equipment used to 
monitor battery state of health, unbalanced or un- 
equal discharge currents are created among the bat- 
tery modules. Note that while the current drawn from 
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the modules 18 and 18' are equal to the sum of the 
currents I + l 2 + 1 3 + U, the current through the mod- 
ules 20 and 20' are reduced by the amount of the cur- 
rent l 2 flowing In the network 28 and 28'. Similarly, 
the currents In modules 22 and 22\ 24 and 24' are re- 
duced by the current l 3 and l 4 . While this does not 
pose a substantial problem with a non-faradaic bat- 
tery such as lead/acid, these unbalanced discharge 
currents can, overtime, result insignificant loss of bat- 
tery capacity in a faradaic battery. 

Referring now to Figure 3, the circuit of Figure 2 
has been modified to solve the problem of discharge 
current imbalance by the addition of compensating 
resistors R5.R6 and R7 in bank A and R5\ R6' and 
R7' in Bank B. One side of each of the resistor R5, R6 
and R7 is connected with the positive side of module 
24 or node 40, while the other side of the resistors R5, 
R6 and R7 are connected with the positive terminal 
of the modules 18,20 and 22 i.e. nodes 34,36 and 38 
respectively. The resistors R5.R6 and R7 are sized to 
draw a current substantially equal to that drawn by 
the networks 26,28 and 30 respectively. Thus, the 
currents discharged from each of the modules 18, 
20,22, and 24 are equal to t he sum of t he currents 1 1 , 
I2,I3 and 14 as indicated. Similarly, the currents dis- 
charged from each of the modules 1 8' ,20* and 24* are 
equal as a result of the addition of the properly sized 
compensating resistors R5',R6' and R7'. Figure 4 
show a general case for any number of serially con- 
nected modules VS^.. VS n in for example the bank A. 
The divider networks VD 1 ...VD n comprising resistors 
Rv-Rn and RF^-RF^ provide monitoring junctions 
Vi...V n . The networks VD^.-VDn are connected be- 
tween the reference node REF and the nodes H^.-Hp 
and draw currents li...l n . The compensating resistors 
CRi-CRn. ! are connected between the node Hn and 
the nodes H^-H^ and are sized to draw currents 
equal to those in the respective divider networks 
VD 1 ...VD n . 1 . In a preferred embodiment of the inven- 
tion employing 32 modules of 5 cells each, the resis- 
tor RF-|...RF n are each equal to 10K ohm, while the re- 
sistor R1 =4K. Where equal currents l n ...l n are desired 
and equal voltages exist across the modules 
VS^.-VSn, the value of the resistors R 2 ...Rn may be 
obtained from the equation Ri=iRI+(M)RR For exam- 
ple, R2=2(4)+(2-1 ) 1 0=1 8K; R1 5=1 5(4)+(1 5- 
1)1 0=200K; and R1 6=1 6(4)+(1 6- 1 )1 0=2 1 4K. The val- 
ue of the compensating resistors CR^.-CRn. 1 may be 
obtained from the equation CR„_ 1 =R n -R n _ 1 . For exam- 
ple, CR15=214-200=14K; and CR1 =21 4-4=200 K. 

The monitoring equipment generally designated 
16 in Figure 1, is as previously indicated tied to the 
one-half battery voltage node REF and may take sev- 
eral forms but preferably include a microprocessor 
which controls a suitable analog multiplexor associat- 
ed with each of the banks A and B to provide an ana- 
log voltage to respective differential amplifiers. After 
suitable clamping and filtering the outputs of the am- 



plifiers are converted to digital values for processing 
by the microprocessor in accordance with known al- 
gorithms for relating the voltages at the monitoring 
5 nodes VV..V n to the state of health of the battery. 



Claims 

10 1. A circuit for connecting a faradaic battery with 
means for monitoring the condition of the battery, 
said battery comprising a plurality of serially con- 
nected modules VS 1 ..VS n , each having positive 
and negative terminals, said circuit comprising; 

15 a plurality of voltage divider networks 

VDi-.-VDn including a monitoring node; 

one side of each of said networks being 
connected to a reference voltage at one of said 
terminals of said module VS t ; 

20 the other side of said networks VD^-.VDn 

being connected to the other of said terminals of 
respective ones of said modules VS^.-VSn to 
draw currents U...\ n respectively; 

compensating network means including 

25 resistors CR 1 ...CR n . 1( connecting the other of 
said terminals of each of said modules VSi ... VSn. 1 
to the other of said terminals of said module VS n> 
the resistors CRi...CR„. i being sized to draw cur- 
rents substantially equal to the currents l 1 ...l n . 

30 whereby the discharge current from the 

modules of the battery is substantially uniform 
and equal to the sum of the currents flowing in 
the divider networks VDt...VD n . 

35 2. A circuit as claimed in Claim 1 , wherein the divid- 
er networks VD 1 ...VD n include a first resistor 
Rv.-Ri, and a sound resistor RF v ..RF n . 

3. A circuit as claimed in Claim 2, wherein the vol- 
40 tages across each module is substantially equal. 

4. A circuit as claimed in Claim 3, wherein the cur- 
rents drawn by each divider network are substan- 
tially equal. 

45 

5. A circuit as claimed in Claim 4, wherein the resis- 
tors connected between said monitoring node 
and said reference node are of substantially 
equal resistance value. 

50 

6. A circuit as claimed in Claim 5, wherein the sum 
of the resistors in the voltage divider network VD n 
is substantially equal to the sum of the resistors 
in the respective voltage divider networks 

55 VDi-.VDn. , added to the compensating resistors 

CR 1 ...CR fr1 respectively. 

7. A circuit for connecting a faradaic battery with 
means for monitoring the condition of the battery, 
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said battery including first and second banks of 
serially connected cells forming a plurality of ser- 
ially connected modules VS 1a .VS n having termi- 
nal nodes H 1 ...H n and having a reference node 5 
between said first and second banks at substan- 
tially one-half of the total voltage of said battery, 
each bank of said circuit comprising; 

a plurality of voltage divider networks 
VDv..VD n each including first and second serially 10 
connected resistors providing a monitoring node 
therebetween; 

said networks VDi...VD n being connected 
between said reference node REF and nodes 
Hi-.-Hn respectively to draw currents \ A .J n re- 15 
spectively; 

compensating resistors CR^XR^ re- 
spectively connecting nodes ^...Hm with node 
H n , the resistors CR 1 ...CR n . 1 being sized to draw 
currents substantially equal to the currents ^.J^. 1f 20 

whereby the discharge current through 
each modules of the battery is substantially uni- 
form and equal to the sum of the currents flowing 
in the divider networks VD^.VDn. 

25 
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From: Kendrick Lo <klo@bereskinparr.com> 

To: John FitzGerald <John.FitzGerald@cryptologic.com> 

Cc: Vlad Dunaevsky <Vlad.Dunaevsky@cryptologic.com> 

Date: Monday, June 28, 2004 2:59 PM 

Subject: Re: Side wagering B&P 13964-8 



Hi John: 

Just a reminder that we are still awaiting your review of this application before 
we proceed further with the filing procedures. For your convenience, please find 
attached the most recently updated version of the draft patent application, which 
incorporates the other inventors' suggestions. 

If you have any questions or concerns, please let me know. 

Regards, 
Kendrick 



This communication and any attachments may contain information that is 
privileged or confidential and is intended only for the use of the individual to 
whom it is addressed. Any other distribution, copying or disclosure is strictly 
prohibited. If you have received this communication in error, please notify us 
immediately then delete this communication. Thank you. 



From: "John FitzGerald" <John.FitzGerald@cryptologic.com> 
Date: Thu, 17 Jun 2004 17:29:47 -0400 

To: "Vlad Dunaevsky" <Vlad.Dunaevsky@cryptologic.com>, "Kendrick Lo (E-mail)" 

< klo@bereskinparr.com > 

Subject: RE: Side wagering B8iP 13964-8 

I will let you know once I have finished my review. 

John Kennedy FitzGerald (john.fitzgerald@cryptologic.com) 



General Counsel 
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CryptoLogic Inc. 

1867 Yonge Street, 7th Floor 

Toronto, Canada M4S 1Y5 

P: 416.545.1453 x716 
F: 416.545.1454 
C: 416.543.9208 

This message, including any attachments, is confidential and/or 
privileged and contains information intended only for the person(s) 
named above. Any other distribution, copying or disclosure is strictly 
prohibited. If you are not the intended recipient or have received this 
message in error, please notify us immediately by reply email and 
permanently delete the original transmission from all of your systems 
and hard drives, including any attachments, without making a copy. 

— Original Message — 

From: Vlad Dunaevsky 

Sent: Thursday, June 17, 2004 5:26 PM 

To: Kendrick Lo (E-mail); John FitzGerald 

Subject: Side wagering B&P 13964-8 

Hi Kendrick, 

We Sergiy Rozkin, Serge Bourenkov and I have looked a Side 
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wagering system application form proposal, except John Fitzgerald . 
From technical, logical and graphical points of view everything looks 
"Okav" 

We think that we can proceed with this application, but please contact with 

John Fitzgerald for final approval. 

Thanks 

VLAD DUNAEVSKY research & development manager 

CRYPTOLOGIC Inc. 1867 Yonge Street, 7th Floor, Toronto, ON, Canada 
M4S 1Y5 TEL: 416-545-1453 x 239 

"This message, including any attachments, is confidential and/or privileged and contains information intended only for the person(s) 
named above. Any other distribution, copying or disclosure is strictly prohibited. If you are not the intended recipient or have received 
this message in error, please notify us immediately by reply email and permanently delete the original transmission from all of your 
systems and hard drives, including any attachments, without making a copy." 
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